composition varied from clone to clone, even under the same environmental condition varied quite significantly (Cho and Lee, 2000) . It is thus desirable to differentiate highly toxic A. tamarense from less toxic A. tamarense isolates to enhance monitoring and prediction in Korean coastal waters. Fluorescence-tagged lectins were used to discriminate several harmful dinoflagellates species and this method can be used as a taxonomic tool to differentiate species (Cho et al., 1998) . In addition, some researchers applied biochemical techniques to harmful algal blooms, instead of using the traditional morphological characteristics. There are reports on using pigment, fatty acid and sterol as biomarkers for the toxic Gymnodinium catenatum (Hallegraeff et al., 1991) , and other biochemical variability for Prorocentrum lima (Morton and Tindall, 1995) . It was suggested that the use of biochemical characteristics could provide information on possible taxonomic links (Partensky et al., 1988; Moestrup and Larsen, 1990; Hallegraeff et al., 1991) . Cho et al. reported that fatty acids might be useful as a comparative chemotaxonomic tool for the raphidophyte group (Cho et al., 1999a) .
Previously, AT-6 was shown to produce the highest level of STX and AT-A the lowest level (Cho and Lee, 2000) . The question that arose from this study was whether certain different biochemical compositions can be used to characterize the toxicity of different isolates. In this work, we used a biochemical method (lectin binding assay) on the cell surface, fatty acid composition and carotenoid composition, and investigated a species-specific biochemical indicator for the most toxic clone, AT-6.
M E T H O D

Culture of A. tamarense strains
Three isolates were used: AT-6, the most toxic isolate (5.716 pg of STX eq /cell); AT-2, the intermediate toxicity isolate (3.245 pg of STX eq /cell); AT-A, the least toxic isolate [0.040 pg of STX eq /cell; (Cho and Lee, 2000) ]. These isolates were maintained and cultured in f/2 -Si medium (Guillard and Ryther, 1962) containing an antibiotic mixture (Hasui et al., 1995) . These strains were grown in a 100 ml plastic container maintained at 20°C, with a light intensity of 100 µmol m -2 s -1 (continuous lighting period with cool white fluorescent light). All isolates are maintained at the Harmful Algal Research Division, National Fisheries Research and Development Institute, Pusan, Korea.
Application of fluorescent lectin probes
Fresh solutions of fluorescein isothiocyanate (FITC)conjugated lectins (Table I ; Vector Lectin Kit, fluorescein FLK-2100; Vector Laboratories Inc., Burlingame, CA) were prepared as described by Kim et al. (Kim et al., 1995) . FITC-labeled lectins (Table I) were added to 10 µl aliquots (~10 3 cells) on a glass slide for 40 min at room temperature. The glass slides were coated with 3-aminopropyltriethoxy-saline solution (3%). The treated cells were mounted on siliconized glass slides and examined for binding activity under an inverted Carl Zeiss MC-80 epifluorescence microscope with an FITC filter set using blue light (excitation 450-480 nm; emission 515 nm). Binding activity was determined as described by Cho et al. (Cho et al., 1998) .
Fatty acid analysis
Clones of A. tamarense (AT-6, AT-2 and AT-A) were grown as described above for 1 month in 3 l glassware culture tanks. Cells were harvested by filtration (Whatman GF/C, 47 mm) and immediately frozen (-20°C) until analysis. The cold solvent extraction method (Folch et al., 1957) was modified for this study. Filters were suspended in 32 ml of deionized water (10 min), ground, and the suspension ultrasonicated (400 ml beaker; 5 min; probe sonicator). Chloroform (40 ml) and methanol (20 ml) were added to extract lipid, and were left overnight under laboratory conditions. The extract fraction was harvested by filtration (Whatman No. 1). The filtrate was evaporated using a rotary evaporator and then slurry was dissolved in diethyl ether, and transferred to a separate funnel. The ether fraction was cleaned with saturated sodium chloride and distilled water (ϫ3). The ether fraction was transferred to filter paper containing anhydrous sodium sulfate and evaporated to dryness. For the derivatization, methanol with 0.5 M sodium hydroxide (3 ml) was added to the extracts and refluxed for 5 min. Boron trichloride in methanol was added (3 ml) and boiled for 10 min, followed by addition of n-hexane and boiling for 1 min. After cooling, saturated sodium chloride (3 ml) was added and mixed by rotation in a flask. Further sodium chloride was then added. The n-hexane layer was removed, dried with anhydrous sodium sulfate, resuspended and dried under nitrogen, then injected into a Hewlett-Packard 5890A gas chromatograph with flame ionization detection [column: HP-1, 12 m ϫ 0.53 mm; 170°C initial temperature, 2°C min -1 gradient to 230°C (5 min); column flow: 3 ml of nitrogen min -1 ; injector 220°C, detector 230°C]. JOURNAL OF PLANKTON RESEARCH VOLUME  NUMBER  PAGES -   Table I 
: Lectin probes used in this study
Lectin Source Specificity ConA Canavalia ensiformis methyl ␣-D-mannopyranoside; D-mannose; D-glucose RCA Ricinus communis ␤-D-galactose DBA Dolchis biflorus N-acetyl-D-galactosamine PNA Arachis hypogea ␣-lactose; D-galactose SBA Glycine maxima N-acetyl-D-galactosamine; D-galactose; methyl ␣-D-galactopyranoside UEA Ulex europaeus L-fucose WGA
Triticum vulgaris N-acetyl-␤-D-glucosamine
Extraction of carotenoids
Each sample was homogenized with 95% acetone in a dark glass bottle and kept for 24 h. Samples for carotenoids were extracted by the method of Choi et al. (Choi et al., 1994) . Total carotenoid content was determined using the method of MecBeth (MecBeth, 1972) and determined by the following equation:
The absorbancy detection wavelength was set at 350-550 nm and recorded by a Shimadzu UV-1200 (Tokyo, Japan).
␤-carotene identification
␤-carotene was separated out using column and thin-layer chromatography (TLC), described in Cano and Ancos (Cano and Ancos, 1994) . The standard ␤-carotene used for the study was extracted from carrot within 24 h. When hydrolyzed, an extract was transferred to a column. Independently of column chromatography, the hexane extract was split into fractions by TLC; glass plates covered with silica gel were used with solvent (petroleum ether:acetone = 7:3). Next, the R f value was determined according to generally applied principles. The components (R f = 0.85; Figure 1 ) were isolated and then determined by high-performance liquid chromatography (HPLC) ( Table II) in order to confirm mono ␤-carotene (Cano and Ancos, 1994) .
R E S U LT S Lectin test
The response of the different clones to lectins was tested in Table III 
Fatty acid composition
In this study, the three clones (AT-A, AT-2 and AT-6) used for fatty acid analysis were cultured in the same medium for 1 month under the same conditions (Table IV) . Saturated fatty acids comprised 61.9%, monounsaturated fatty acids 14.0% and polyunsaturated fatty acids 24.1% of AT-A, respectively. The major fatty acid was 16:0, which comprised 37.8%. The other major fatty acids were 14:0, 18:1, 22:4 and 22:6, which account for 11.7, 9.3, 8.0 and 7.9%, respectively. Saturated fatty acids of AT-2 also comprised 68.9% of the total, similar to that of AT-A, but monounsaturated fatty acids (8.0%) were detected considerably less than for AT-A. However, the amount of polyunsaturated fatty acids was similar to that for AT-A. The major fatty acid detected in AT-2 was 16:0, whereas the other major fatty acid was 22:6 polyunsaturated fatty acid, which comprised 14.1%. Interestingly, 12 fatty acids were detected in AT-2, which is fewer than in AT-A (17 fatty acids) and AT-6 (16 fatty acids). Saturated fatty acids comprised 49.0% of AT-6, which was less than for AT-A and AT-2, but monounsaturated (20.5%) and polyunsaturated fatty acids (17.9%) were greater than for AT-A and AT-2. In particular, 22:6 polyunsaturated fatty acid comprised 17.9%, which appeared to be similar to the abundance of 16:0 as a major fatty acid. Two 18:3 and 22:5 fatty acids were not detected in AT-A, AT-2 and AT-6.
[Note: fatty acid composition (%) was calculated from the area of peak divide (total area:solvent peak area). The fatty acids are described as x:y (n-z), where x is the number of carbon atoms, y is the number of double bonds and z is the position of the first double bond counted from the methyl end of the molecule.] Figure 3 shows the in vivo absorbency as an estimate of the carotenoid contents. This figure showed the results obtained with suspensions of all three strains and the same culture conditions. The total carotenoid content was the highest in AT-A, compared with AT-2 and AT-6. Higher toxicity AT-2 and AT-6 (Cho and Lee, 2000) had significantly different carotenoid contents: AT-6 contained >10 times more than AT-2. In AT-6, especially, the carotenoid content was close to that found in AT-A.
Carotenoid contents
␤-carotene
As is evident from the acquired data for carrot, ␤carotene was present (Figures 1 and 2) , but the TLC profile in AT-A, AT-2 and AT-6 appeared to have a lower R f value (<0.3) compared with carrot ( Figure 1 ).
D I S C U S S I O N
Lectins are differentiated by their specific carbohydrate affinity for glucose/mannose, galactose/N-acetyl-Dgalactosamine, N-acetylglucosamine, fucose or sialic acids (Slifkin and Doyle, 1990) . Because of their binding to different carbohydrates at the cell surface, fluorescence-tagged lectins have been used as probes in species identification (Costas and Rodas, 1994; Rhodes et al., JOURNAL OF PLANKTON RESEARCH VOLUME  NUMBER  PAGES -   Fig. 2 . HPLC of ␤-carotene in carrot after TLC. 1995; Cho et al., 1998 Cho et al., , 1999b Cho et al., , 2000a Fraga et al., 1998) .
In particular, when it is difficult to distinguish them under the light microscope, each strain could be easily differentiated according to its individual lectin binding activity (Rhodes et al., 1995) . Following this, several researchers have suggested that fluorescence-tagged lectin probes have the potential to be used as a tool to identify different species in harmful algal monitoring programs (Costas et al., 1993 (Costas et al., , 1995 Costas and Rodas, 1994; Rhodes et al., 1995) . For example, Cho et al. reported that Erythtthrina cristagalli agglutinin (ECA), Helix pomatia agglutinin (HPA) and WGA could differentiate the harmful alga Cochlodinium polykrikoides from non-toxic Gyrodinium impudicum, whose morphologies were so similar that it was difficult to identify them under the light microscope (Cho et al., 1998) . Recently, we have isolated several species of Pseudonitzschia, including toxic Pseudonitzschia multiseries. It is difficult to differentiate P. multiseries from non-toxic Pseudonitzschia species because of their morphological similarity (Cho et al., 1999b) . However, fluorescent WGA can be used to differentiate between P. multiseries and nontoxic Pseudonitzschia pungens (Cho et al., 2000a) . We realize that this new technique is a rapid means of detecting phytoplankton (within an hour), and is an easy and prospective procedure for the Korean monitoring system. At present, this study strongly suggests that DBA serves as a recognition cue for AT-A, AT-2 and AT-6 (Table III ), suggesting that the N-acetylgalactosamine moieties on the cell surface seem to be lacking in AT-6 compared with AT-A and AT-2. Although this study was limited to cultures in exponential phase, similar results were obtained under the conditions of stationary, early exponential and late exponential phase (unpublished data). The validity of defining unique species based on such fluorescent DBA labeling is assumed in this study. However, Costas et al. suggested that although the asexual cell division cycle had no influence on the binding activity of lectins, gametes, zygotes or cysts could have different lectin binding patterns (Costas et al., 1993) . In this study, no fluorescencetagged lectins were used to bind zygotes with a thick wall. The encystment of vegetative cells in microalgae was induced by such unfavorable environmental conditions as temperature variation, lack of nutrients and low levels of light intensity (Anderson, 1980; Anderson et al., 1984;  Fritz et al., 1989) . It is likely that cells at different stages of growth were associated with different sugar compositions on the cell surface, which might be different from those of vegetative cells under normal growth conditions. However, during the early blooms of A. tamarense, most of the cells were in active exponential growth phase (asexual) rather than engaged in planozygote or hypnozygote sexual reproduction. Possibly, the treatment of field samples with DBA lectin will help to differentiate toxic A. tamarense from other PSP-producing phytoplankton in Chinhae Bay. It is possible that the treatment of field samples with DBA lectin would help to detect potentially toxic A. tamarense from other PSP-producing phytoplankton in Chinhae Bay. Some researchers have demonstrated that fatty acids were of interest for nutritional value in aquaculture and also as biomarkers of algae (Thompson et al., 1996; Budge et al., 1997) . Cho et al. reported on the different abundance of eicosapentaenoic acid in two strains of Fibrocapsa japonica that might be useful as comparative chemotaxomic tools (Cho et al., 1999a) . Budge et al. suggested that the fatty acid composition of toxic Pseudonitzschia and non-toxic P. pungens was considerably different and provided a useful means of differentiating between them (Budge et al., 1997) . As can be seen in Table IV , AT-6 had a considerable abundance of 22:6 (n-3) fatty acid,~10 times greater than that of AT-A. In addition, AT-6 was composed of a higher abundance of polyunsaturated fatty acids, including 22:6 (n-3), than AT-A, which comprised almost saturated fatty acids. Hallegraeff et al. suggested that 20:5 (n-3) and 22:6 (n-3) longchain polyunsaturated fatty acids are typical of dinoflagellates (Hallegraeff et al., 1991) . Cho et al. pointed out that in C. polykrikoides and G. impudicum there was a similar abundance of eicosahexanoic acid, but 22:6 (n-3) was found to be different (Cho et al., 2001) . Although 20:5 (n-3) were at a high level in G. catenatum (Hallegraeff et al., 1991) , three strains contained a minor component (0-1.5%) that could not provide information for species identification. Joseph suggested that 18:5 (n-3) was considered to be a marker for dinoflagellates (Joseph, 1975) . However, it is suggested that more 22:6 (n-3) than 18:5 (n-3) may be useful as a comparative chemotaxonomic tool for AT-6. As can be seen in Figure 3 , the carotenoid content was not significantly different between AT-6 and AT-A, whereas both AT-6 and AT-2 are quite different. Alternatively, ␤-carotene was absent in AT-A, AT-2 and AT-6 ( Figure 1) . Therefore, this method was not suitable to differentiate AT-6 for analysis of carotenoid content and composition.
